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ABSTRACT

Cardiovascular disease (CVD) is a chronic non-communicable disease (NCD) that
is the leading cause of death across the world. In developing nations, like Kenya, the
prevalence of NCDs like CVD are on the rise. Hypertension is the major risk factor for
CVD and can be influenced by various environmental risk factors, like physical
inactivity, unhealthy diets, tobacco use, and alcohol use. Though these are known factors
that can affect blood pressure in developed nations, research over the prevalence of
essential hypertension (EH) in developing countries is low. In an area in southeast Kenya
known as Kasigau, there is a high prevalence of EH in the population, with fifty-five
percent having stage 1 or stage 2 hypertension. Six environmental risk factors have been
shown to increase blood pressure in the population. By electrocardiogram (ECG)
analysis, there is a prevalence of Left Ventricular Hypertrophy (LVH), a predictor of
CVD, in the population as well.

Keywords: non-communicable diseases, cardiovascular disease, essential hypertension,
blood pressure, Kenya, Kasigau
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Dedicated to the people of Kasigau, Kenya, my family, and my friends.
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CHAPTER 1

INTRODUCTION

The World Health Organization (WHO) estimates that worldwide in 2011, 55
million people died. Out of these deaths, two-thirds, 36 million, were a result of noncommunicable diseases (NCD) [1]. NCDs, also called chronic diseases, are noninfectious
and non-transferable from one person to another. These diseases progress slowly, but can
cause devastating effects when left unnoticed. The main four NCDs are cardiovascular
diseases (ischemic heart disease and stroke being two main cardiovascular diseases),
cancer, chronic lung diseases, and diabetes. Cardiovascular diseases (CVDs) alone killed
17 million people in 2011, the leading cause of deaths by NCDs. Ischemic heart disease
is estimated to be the cause of approximately 7 million of the CVD deaths and
approximately 6 million CVD deaths were due to strokes [1].
Since NCDs progress slowly, behavioral risks that a person could partake in now,
can lead to the development of NCDs later in life. Even though NCDs have such an
impact on the health of all nations, 80 percent of the risk factors that have been linked to
the development of NCDs can be prevented [2]. The key metabolic/physiological risk
factors that lead to the development of NCDs are hypertension, obesity, hyperglycemia
(high blood glucose levels), and hyperlipidemia (high cholesterol) [3]. Out of these four
metabolic/physiological risk factors, high blood pressure is a major risk factor for CVDs.
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There are two types of hypertension. The first is primary hypertension or essential
hypertension (EH). EH has no definitive or identifiable cause and is what is most
prevalent in adults. The second category is secondary hypertension where a person
develops high blood pressure as a result of another condition [4]. To determine a person’s
blood pressure, two numbers are measured in millimeters of mercury (mmHg), recorded
and reported as a ratio. The numerator of the ratio measures the systolic blood pressure in
the arteries, which is when the heart is in contraction. The denominator of the ratio
measures the diastolic blood pressure in the arteries, when the heart is relaxed. A
normotensive blood pressure reading is less than 120/80 mmHg (Table 1). As a person’s
blood pressure increases, the risk for developing NCDs increases.

Table 1. Blood Pressure Chart

Systolic (mmHg)

Diastolic (mmHg)

Normotensive

<120

And

<80

Prehypertension

120-139

or

80-89

Stage 1 Hypertension

140-159

or

90-99

Stage 2 Hypertension

160 or higher

or

100 or higher

Adding to the complexity of EH is the fact that in addition to no clear genetic
linkage, environmental and behavioral factors also contribute to its etiology. Some of the
major risk factors, e.g. psychological stress, obesity, salt intake, smoking, alcohol
consumption, limited physical activity, hyperlipidemia and diabetes [5], can be decreased
with appropriate lifestyle changes to reduce high blood pressure. Based upon recent
2

studies on rural-urban differences in Kenya and Tanzania, risk markers like obesity and
minimal physical activity are more prevalent in African urban areas and correlate with a
higher frequency of EH [6,7]. What is striking about these studies is that there is a
substantial proportion of rural people (typically not obese or inactive) classified as
hypertensive (47% in one study from Kenya) of whom 90% are unmanaged therefore
other risk factors must be involved.
Across the globe, 40 percent of adults over the age of 25 have hypertension with
highest amounts (46%) seen in the WHO African Region (Figure 1) [3]. WHO predicts
that by 2020, NCD deaths will increase globally by 15 percent with the greatest increases
happening in WHO regions of Africa, Eastern Mediterranean, and South-East Asia [3].

Figure 1. Comparison of WHO Regions by percent of population with high blood pressure.
The African WHO Region shows the highest percent of the population of high blood pressure.
Low-income countries also show a higher percent of the population with high blood pressure [3].

As NCD deaths continue to rise across the globe developing countries must
implement strategies to prevent the serious consequences that come with NCDs. Not only
is morbidity increased, but social and economic progress in developing countries is
hindered as a result of NCDs. Poverty and NCDs are very closely linked. In some
3

countries where healthcare is still paid for directly by patients, NCDs result in economic
strain on families. In some cases, people are having to choose whether to spend their
money on food, other household needs and/or educational opportunities for children or on
medication, which can cost multiple days wages. In these cases, “the sick get sicker”
because they are not able to afford medications to help treat their illnesses and die
younger. If these people are the main providers for their families, opportunities to better
themselves decrease due to that loss of income, and the cycle of poverty continues.
Poverty and NCDs exacerbate the negative affects of one another (Figure 2) [3].

Figure 2. Cycle of Poverty in Low- and Middle- Income Countries. How poverty and NCDs
in low- and middle- income countries go hand-in-hand affecting one another [3].

Kenya is a country located in east Africa. It is bordered by the Indian Ocean to the
southeast, Tanzania to the south and shares part of its northern border with Somalia.
Kenya has a very diverse geography, from mountains, grasslands, desert-like areas, and
coastlines. With a population of a little over 45 million people, only 24 percent live in
urban areas [8]. In 2004, the ratio of doctors to population was 16 for every 100,000
people, and the ratio of nurses to population was 124 for every 100,000 people [9]. When
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comparing these ratios to the United States, there are 280 physicians for every 100,000
people [10] and 874 nurses for every 100,000 people [11].
Kenya’s healthcare system is a three-tiered pyramid-like structure. The bottom
level is the basic primary care level and is comprised of local health dispensaries and
clinics, which are managed by a nursing officer. This level serves most people in Kenya.
If a patient cannot be helped or treated at this level, they are then referred to the next
level of care. The second level is composed of the sub-district, district, and provincial
hospitals. Sub-district hospitals are similar to health centers but have the ability to
perform Caesarian sections (C-sections) and other smaller procedures. District hospitals
are able to provide surgical services. Provincial hospitals are the regional centers where
patients can receive specialized care. The third level and the top of the healthcare
pyramid is the National Referral Facilities. These facilities are the two main general
hospitals, Moi and Kenyatta, both located in the capital city of Nairobi [9].

Figure 3. Healthcare Infrastructure of Kenya.
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This research project was conducted in Kasigau, Kenya. Kasigau is located in
southeastern Kenya in the Taita-Taveta District. This district has a population of
approximately 250,000 people and covers an area of 17,084

. Sixty-two percent of

the land lies within Tsavo East and Tsavo West National Parks. The largest city in this
county is Voi where the closest district hospital is located [12]. The area of Kasigau, is
situated in close proximity to the Taita Hills.

Figure 4. Map of Kenya. The Taita Hills reside in between Tsavo East and Tsavo West National
Parks and southeast of Nairobi, the capital of Kenya [13].

With a population of approximately 13,700 people, Kasigau can be divided into 3
sub-locations that are made of 7 villages: Jora, Rukanga, Makwasinyi, Bungule, Kiteghe,
Ngambenyi, and Buguta. The sub-location of Rukanga contains the villages Rukanga,
Ngambenyi, Jora, and Bungule comprising 29 percent of the total Kasigau population.

6

The sub-location of Makwasinyi contains the villages of Makwasinyi and Kiteghe
comprising 21 percent of the total Kasigau population. The sub-location (as well as
village) of Buguta contains 50 percent of the total Kasigau population [14]. All of the
villages are situated around Mount Kasigau (Figure 5). The people of Kasigau are
predominantly a part of the Taita tribe.

Figure 5. Villages of Kasigau [15].

“Partners in Caring: Medicine in Kenya” (PiC:MiK) is a study abroad, service
learning program that is a partnership among the Department of Biology at Western
Kentucky University (WKU), the region of Kasigau, and the University of Nairobi. The
2014 visit was the sixth trip for the program in the past seven years. This trip contains
two aspects that go hand-in-hand: “Medicine in Kenya” and “Partners in Caring”.
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“Medicine in Kenya” is a course offered at WKU during the January-term where
approximately 15 pre-professional students, 3 physicians, 1 faculty member, and 2-4
volunteers travel to Kenya for 2 weeks. During the two weeks spent in Kenya, seven to
nine of the days are spent in Kasigau working in the three health clinics located in
villages of Rukanga, Buguta, and Makwisinyi. Students are divided into teams and work
with a physician each day in the clinics conducting examinations with the help of the
local clinical officers, practitioners, and clinic staff. Though these three facilities are the
established ones that the program works in during time in Kasigau, patients from
neighboring villages will travel to receive care from the team and, typically, 750
attended.
"Partners in Caring" is an intangible aspect of the program. This is a partnership
between the physicians and students of WKU and the clinic and community of Kasigau;
working together to provide healthcare, learning from one another, and promoting disease
prevention that will continue to take place once the team leaves the villages. The students
who participate in the program learn about Kenyan culture and way of life, as well as
increasing their knowledge of global medicine and health, how healthcare is provided in
developing, third-world countries, the different challenges they face, as well as the
commonalities we all share as humans. Dr. Nancy Rice, the faculty member and leader of
this program, is known to frequently say, “It is no better or worse, just different,” in order
that students remember to keep an open mind and absorb all that they can while in Kenya
working in the clinics. Upon their return to the United States, the students will have a
greater understanding of medicine, Kenya, and their place in the world.

8

Anecdotally, a large number of patients with high blood pressure were being
observed during the PiC:MiK program. In partnership with the community health leaders,
research began in 2012 to determine the prevalence of hypertension in the Kasigau area
and quantify the anthropometric factors (body mass index, waist to hip ratio, and
cholesterol levels) that are often connected to EH. The results indicated there is a
significant amount of EH among the people of Kasigau, and surprisingly the prevalence
of EH is likely unrelated to the anthropometric factors that typically found in Western
cultures to be correlated with EH [16]. Genetic research is being performed
simultaneously with this study hypothesizing that the prevalence of EH seen in the
population is caused by polymorphic and/or epigenetic mutations in the renin-angiotensin
gene system.
As a continuation of the research started two years ago, the current study will look
for another possible cause of the prevalence of EH in the participants. The goals of this
study are to assess various environmental risk factors surveyed and the EH seen in the
people of Kasigua, Kenya and determine if there is a significant correlation between
them. And two, to determine if the EH observed in this population is maladaptive and
results in chronic heart disease, or whether it is physiologically inconsequential to their
overall health. This goal will be evaluated by examining ECG readings of individuals
with untreated EH for signs of chronic cardiac disease, in particular left ventricular
hypertrophy. LVH is an increase in the thickness of the wall of the left ventricle of the
heart [15]. In an article in Progress in Cardiovascular Diseases by Alan Gradman and
Fadi Alfayoumi, “LVH is the most potent predictor of adverse cardiovascular outcomes
in the hypertensive population [17].”
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CHAPTER 2

METHODS

Study Approvals
WKU’s Human Subjects Review Board (HSRB) and the Taita District Health
Officer in Kenya approved this study (Appendix 1). The village chiefs and elders also
approved the study. The HSRB provided an Informed Consent Document to be read and
agreed to by all participants in the study (Appendix 2). All investigators completed CITI
Program Training Modules before taking part in any research on human participants.

Study Participants
A stratified random cross-section of the Kasigau population was evaluated based
upon recent census data (2009). Participants in this study were 45 years of age or older
and 50% male. Research participants were from seven Kasigau villages (Jora, Rukanga,
Makwasinyi, Bungule, Kiteghe, Ngambenyi, and Buguta). Participants were organized
into three sub-locations. Twenty-nine percent were from Rukanga, 50% from Buguta, and
from 21% Makwansinyi. These three sub-locations are where the three government
funded health centers are located. Approximately 200 of the 400 residents recruited
actually participated in the study between January 2012 and January 2013. During
January 2014, 25 of the 200 participants took part in the ECG recording for the second
part of the study.
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Environmental Risks Survey
Data collected for each of the 226 participants during the first part of the study
was the average of three blood pressure recordings after sitting for five minutes and an
environmental risk factor survey which was administered by a community research
assistant in Swahili. The survey included questions about physical activity,
socioeconomic status, nutrition, medical history (including any known history of high
blood pressure), and stress indicators (Appendix 3).
The averages of blood pressures and the raw data for the surveys was recorded
and then coded for statistical analysis. With the help of Jordan Vorst and Dr. Michelle
Trawick, the statistical analyses were performed. A multivariable linear regression was
performed using Stata software. The data tested positive for heteroskedasticity using the
White’s test and the results were corrected. Overall, statistical differences in systolic
blood pressure among sub locations were determined by ANOVA and subsequently a
Fisher’s Least Significant Difference analysis among means.

ECG Recording
Data collected for each of the 25 participants in the second part of this study was
an ECG 12 lead that was recorded and printed out by a Contec ECG80A
Electrocardiograph, handheld ECG machine for later analysis. Dr. Allen Redden assisted
in analyzing the ECG recordings for signs of CVD, specifically LVH.
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Figure 6. Example of ECG Recording for Analysis.

For the analysis of the ECGs, the recordings were originally printed as a long
strip, were cut and placed in the correct format for analysis (Figure 6). The ECGs were
interpreted with standard methods for LVH using the Estes criteria for LVH as described
in Lipman and Lipman’s ECG Pocket Guide (Figures 7 and 8) [18]. When using the Estes
Criteria point system, 5 points is needed to diagnose LVH and four points indicates
probable LVH. The boxes labeled V1, V2, V3, V4, V5, and V6 were used to determine if
three points were given for meeting voltage requirements. The boxes V5 and V6 were
used to determine if three points were given for repolarization changes. The box V1 was
used to determine if three points were given for left atrial hypertrophy, or thickening of
the wall of the left atria. The boxes I and II were used to determine if two points were

12

given for left axis deviation. The boxes V1, V2, V3, V4, V5, and V6 were used to
determine if one point was given for a widened QRS wave. The boxes V5 and V6 were
used to determine if one point was given for delayed onset of intrinsicoid deflection.
Rate, rhythm and axis were reported as well as signs of Left Ventricle Hypertrophy
(LVH) and ischemic changes.

Figure 7. Estes Criteria for LVH [18].
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Figure 8. Estes Point Scoring System for Diagnosing LVH [18].
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CHAPTER 3

RESULTS

Two hundred twenty-six participants took part in the environmental risk surveys
that were administered by our community research assistants. One hundred one
participants (45%) were from the sub-location of Buguta. Forty-five participants (20%)
were from the sub-location of Makwasinyi. Eighty participants (35%) were from the sublocation of Rukanga (Figure 9). One hundred forty-nine participants (66%) were female
and 77 (34%) were male (Figure 10).

Participants by Sub-location
Buguta

Rukunga
20%
45%
35%

Figure 9. Participants by Sub-location.
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Makwasinyi

Participants by Gender
Total Males 77

Total Females 149
34%

66%

Figure 10. Participants by Gender.

The participants’ three blood pressure recordings were averaged and the systolic
pressure was used in analysis. The systolic blood pressure is the pressure exerted on the
blood vessels when the heart is contracting. For Kasigau overall, 30 participants (13%)
were normotensive having a systolic pressure under 120 mmHg. Seventy-three
participants (32%) were prehypertensive having a systolic pressure ranging from 120 to
139 mmHg. Sixty participants (27%) were stage 1 hypertensive with a systolic pressure
ranging from 140 to 159 mmHg. Sixty-three participants (28%) were stage 2
hypertensive with a systolic pressure of 160 mmHg or greater (Figure 11).
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Hypertension Stages by
Participants
Normotensive

Prehypertensive

Stage 1

Stage 2
13%

28%

32%
27%
Figure 11. Hypertension Stages by Participants.

When evaluating participant’s stage of hypertension by sub-location, participants
from Buguta have a higher percent of normotensive people (18.8%) than either Rukanga
(12.5%) or Makwasinyi (2.2%). The percentages for stage 1 and stage 2 hypertension
combined per sub-location are 66.6% in Makwasinyi, 60% in Rukanga, and 44.5% in
Buguta (Figure 12). Overall, the systolic blood pressure in Buguta is statistically different
from Makwasinyi and Rukanga as determined by ANOVA, p= 0.0002.
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Percent of Participants
by Sub-location

Stages of Hypertension by Percent of
Participants within a Sub-location
45
40
35
30
25
20
15
10
5
0

Buguta

Rukanga

Makwasinyi

Normotensive

18.8

12.5

2.2

Prehypertensive

36.6

27.5

31.1

Stage 1 Hypertension

29.7

19

33.3

Stage 2 Hypertension

14.8

41

33.3

Figure 12. Stages of Hypertension by Number of Participants and Sub-location.

Environmental risk factors that appear to statistically increase systolic blood
pressure in Kasigau are owning a home, using cooking salt, being previously diagnosed
with high blood pressure, being diagnosed with a chronic condition, using fats and oils
when cooking, and having problems adjusting to change as determined by linear
regression (Table 2).
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Table 2. Variables associated with a significant increase in systolic blood pressure

Variable
Owning a home
Using cooking salt
Previously diagnosed with
high blood pressure
Diagnosed with a chronic
condition
Using fats and oils when
cooking
Having problems adjusting
to change

Coefficient
0.44
0.23
0.17

t-stat
3.63
2.63
2.87

p value
<0.01
<0.01
<0.01

0.15

2.34

<0.05

0.12

4.39

<0.01

0.033

1.99

<0.10

Variables that appear to statistically decrease systolic blood pressure in Kasigau,
Kenya are diabetes, from Rukunga, owning a combination of livestock, owning a cows as
livestock, eating grains, and having an increase income (Table 3). All results from the
analysis are located in Appendix 4.
Table 3. Variables associated with a significant decrease in systolic blood pressure

Variable
Diabetes
From Rukanga
Owning a combination of
livestock
Owning cow(s)
Eating Grains
Having an increase income

Coefficient
-0.14
-0.12
-0.096

t-stat
-2.68
-2.14
-2.25

p value
<0.01
<0.05
<0.05

-0.075
-0.095
-0.000051

-1.88
-1.77
-1.78

<0.10
<010
<0.10

After the completion of the ECG analysis, 10 of the 25 participants showed signs
for LVH, 9 out of 25 participants met the voltage criteria for LVH, and only 6
participants did not show signs of LVH. When looking for signs of ischemic changes,
only one participant showed signs of a questionable infarct (Figure 13).
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Figure 13. ECG analysis for Each Participant. Rate, rhythm, axis, signs of LVH, signs of ischemic changes, blood pressure,
and stage of hypertension was recorded for each participant in this part of the study.

When comparing the stages of hypertension to the signs of LVH, two participants
were normotensive, seven prehypertensive, seven were stage 1 hypertensive, and nine
were stage 2 hypertensive. There were no signs of LVH in participants who were
normotensive. Within the participants who were prehypertensive, three had no signs of
LVH, one met voltage criteria for LVH, and three showed signs of LVH. Within the
participants who were Stage 1 hypertensive, four met voltage criteria for LVH and three
showed signs of LVH. Stage 2 hypertensive participants had only one that did not show
signs of LVH where four participants each met voltage criteria for LVH and showed
signs of LVH, respectively (Figure 14).

Hypertension Stages
Normotensive
Prehypertensive
Stage 1
Stage 2

no LVH
2
3
0
1

Meets voltage criteria LVH
0
1
4
4

Figure 14. Comparing Stages of Hypertension to the Signs of LVH.
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0
3
3
4

CHAPTER 4

DISCUSSION

There are three main conclusions that can be drawn from the analysis of this
study. The first of these conclusions is that there is still a very high prevalence of EH in
Kasigau, Kenya, as determined in previous research that was done in 2012 [16]. One
hundred twenty participants (55%) had systolic blood pressures that measured 140
mmHg or greater. The percentage of participants with stage 1 or stage 2 hypertension is
almost equivalent to the findings in 2012 (55.3% of participants), as well as the
percentages of participants who were normotensive (13.8%) and prehypertensive
(30.9%), respectively [16]. Additionally, while the population percent of each sub
location are not dramatically different, Buguta is significantly different from Rukunga
and Makwasinyi in systolic blood pressure.
The second conclusion that can be made is that there is a positive relationship
between six of the environmental risk factors surveyed and systolic blood pressure. One
risk factor is being previously diagnosed with high blood pressure. Since this does show a
positive correlation, it is likely that participants with diagnosed hypertension are not
properly managing their blood pressure, whether that is by taking medications regularly,
or at all, or by other means like diet, exercise, and the reduction of tobacco and alcohol
use. Another statistically significant risk factor was a diagnosis of another chronic
condition. In participants who have been diagnosed with a chronic condition could then,
22

by definition, have secondary hypertension, but further analysis would need to be done to
determine if this was the case.
The third correlation observed is having problems adjusting to change. This was
part of the survey that was looking at stress. The American Institute of Stress states that
the increase in blood pressure in response to stress could possibly be due to an increase in
sympathetic-adrenal medullary activity [19]. When this system is stimulated by factors
like stress or anxiety, cardiac output and blood to essential organs is increased by the
release of catecholamines like epinephrine and norepinephrine [20]. When there is an
increase in cardiac output, blood pressure will also increase.
Two factors that show a positive correlation are the use of salts and the use of fats
and oils when cooking. One of the risk factors that leads to an increase in hypertension as
well as developing NCDs like cardiovascular disease is unhealthy diets. By lowering the
intake of salts in participants’ diets, their blood pressures should also be lowered as well,
since in many studies salt intake and blood pressure have a direct relationship [21]. When
examining how fats can affect hypertension, the term fat must be defined. There are two
main categories of fats that have been linked to blood pressure- those that can help reduce
blood pressure (eg. omega-3 polyunsaturated fat) and those linked to increase blood
pressure (eg. saturated fat) [21]. Omega-3 polyunsaturated fats can be found in fish,
vegetable oils, nuts, as well as other foods and are shown to lower blood pressure and
improve the function of blood vessels [22]. It will be important to follow up.
The last environmental factor link to an increase in blood pressure is home
ownership. A possible reason for this observation is that participants who are able to own
their home, are financially stable enough to also afford more western-type foods and non23

essentials. For example, participants could afford to buy more processed foods that are
higher in sodium and saturated fats, putting them more at risk for increased blood
pressure.
In addition to the statistical analysis that determined that these six environmental
risk factors increase blood pressure, more in-depth analyses can take place to see how
these factors from the survey affect the prevalence of hypertension singularly and how
the factors correlate with the prevalence of hypertension when multiple variables are
tested. Also, more in-depth analyses can to be run to look at each sub-location as well.
The final conclusion from this study is that there are predictors of cardiac disease
present in this population. Out of the 25 participants who had ECG analyses performed,
ten showed signs of LVH (40%) and nine met voltage requirements for LVH (36%).
These participants with LVH and who met voltage requirements had systolic blood
pressures 120 mmHg or higher. When using the point scoring system of the Estes criteria
for LVH, meeting the voltage requirements for LVH is an indicator of heart disease,
however to be diagnosed with LVH, five points are needed and four points are needed for
probable LVH. While those meeting voltage requirements only had three points, it was
still documented.
When comparing the results of the ECG analysis similar studies, a study in
southern India compared the reliability of using ECG to screen for LVH to
echocardiography, a standard method of diagnosing LVH. If this was reliable, then rural
health centers could possibly benefit from the use of ECGs since it is much more cost
effective than electrocardiography and many areas lack access to such technology. The
studies results showed that due to lower sensitivity, Romhilt-Estes and Sokolow-Lyon
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ECG criteria the was used were inadequate as screening tools, but if a patient is positive
by Romhilt-Estes criteria, then further evaluation using an echocardiogram would be
needed to diagnose LVH. Even though this is the case, it is noted that ECG analysis for
LVH in rural health centers is a cost effective tool and easily available that shows good
specificity and a positive predictive value [23].
There were 226 participants in this study out of the 400 who were originally
recruited to take part between January 2012 and January 2013. The participant population
was consistent with the census population percents of the sub-locations, but the goal of
having an equal male to female ratio was not obtained since 66% of the participants were
female and 34% male. An improvement to this study would be to recruit more
participants who were male to have an equal male to female ratio.
One aspect to consider for future avenues of this research study is to evaluate the
prevalence and effectiveness of blood pressure lowering substances in Kasigau, like that
of potassium, as well as calcium. Data suggests that both potassium and calcium can
reduce blood pressure. An increase in potassium can be attained through diet [21].
Even though there are positive correlations between the environmental risks and
EH seen in the participants, evidence that the prevalence on EH is only affected by the
environmental factors tested is not strong enough. EH in the population of Kasigau could
be caused by a culmination of multiple factors, including the epigenetic research that is
simultaneously being conducted with this study. Once all components of the research that
is studying different causes of EH in Kasigau are complete, a better understanding of why
EH is so prevalent in the population can be attained. Strategies will begin to develop to
best manage, decrease, and prevent EH, as well as preventing further development of
25

cardiovascular disease. Hopefully this research and the results will not only help improve
the lives in the community of Ksaigau, but the rest of Kenya as well as other countries
that could be experiencing a high prevalence of EH.
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APPENDIX 2: INFORMED CONSENT
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APPENDIX 3: ENVIRONMENTAL RISK FACTOR SURVEY
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APPENDIX 3: STATISTICAL ANALYSIS FULL RESULTS

Variable

Coefficient

t-stat

Rukunga
Makwasinyi
Buguta
Age
Female
Minutes sitting
Minutes walking
Minutes exercising
Having no education
Having primary education
Having secondary education
Having an occupation
Tribe
Religion
Birthplace
Increase in income
Owning a home
House made of mud
House made of brick
Owning property
Owning no livestock
Owning chicken(s)
Owning goat(s)
Owning cow(s)
Owning a combination of livestock
Eating fruits
Eating vegetables
Eating grains
Eating meats
Eating beans
Eating eggs
Using cooking salt
Adding salt to meal
Using fats and oils when cooking
Alcohol use
Tobacco use
Khat use

-0.12
-0.082

-2.14
-1.22

p
value<0.10
Yes <0.05
No

-0.00044
-0.10
-0.000333
-0.00050
-0.00092
-0.029
-0.069
0.074
-0.057
-0.022
-0.027
0.018
-0.000051
0.44
-0.068
-0.080
0.065
-0.0092
-0.047
-0.0017
-0.075
-0.096
0.025
0.034
-0.095
-0.0070
-0.0086
0.022
0.23
-0.032
0.10
-0.025
-0.054
-0.010

-0.28
-2.27
-1.22
-1.32
-1.41
-0.26
-0.66
0.47
-0.62
-0.36
-0.58
0.41
-1.76
3.63
-0.73
-0.80
1.18
-0.15
-0.88
-0.04
-1.88
-2.25
1.38
0.80
-1.77
-0.32
-0.43
1.34
2.63
-1.28
4.39
-0.45
-1.09
-0.08

No
No
No
No
No
No
No
No
No
No
No
No
Yes <0.10
Yes <0.01
No
No
No
No
No
No
Yes <0.10
Yes <0.05
No
No
Yes <0.10
No
No
No
Yes <0.01
No
Yes <0.01
No
No
No
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Diabetes
Previous heart attack
Previous stroke
Previously diagnosed with high blood
pressure
Taking medications
Diagnosed with a chronic condition
Anger issues
Home frustrations
Work frustrations
Income worry
Asking for help
Worries
Life in control
Day to day problems
Having problems adjusting to change

35

-0.14
-0.027
0.11
0.17

2.68
-0.39
1.27
2.87

Yes <0.01
No
No
Yes <0.01

-0.018
0.15
-0.19
-0.0035
0.0084
0.0088
-0.013
0.0037
0.0096
-0.0020
0.033

-0.36
2.34
-1.34
-0.39
0.34
0.48
-0.82
0.19
0.61
-010
1.99

No
Yes <0.05
No
No
No
No
No
No
No
No
Yes <0.10
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